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Description 

Title of the Invention 

Capacitor Device and Wiring Pattern 

Technical Field 

The present invention is the art of a capacitor device 
in which electric double-layer capacitors are used. 

Background Art 

In recent years , a capacitor device where an electric 
double-layer capacitor is used has been promised as a 
mechanical -power source for an electric automobile or the 
like- In such an electric double-layer capacitor, as its 
electrode, an active carbon is used which has a large specific 
surface area and is electrochemically inactive . This electrode 
is immersed in an electrolyte, and an electric charge is 
generated on the interface between the electrode and the 
electrolyte. Then, this electric charge is stored in the 
electric double layer so that it can be used in the capacitor. 

An electric double-layer capacitor has a low withstand 
voltage (i.e. , a rated voltage) of two to three volts. Hence, 
a capacitor device is generally configured by several electric 
double-layer capacitors . Besides, in an electric double-layer 
capacitor, the capacitance, internal resistance or the like 
of each element is known to vary widely. Therefore, if a 
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capacitor device is formed by several electric double-layer 
capacitors, some of such devices can be fully charged soon 
while some may take a long time to charge. Hence, there is 
a disadvantage in that each electric double-layer capacitor 
cannot be charged in balance. 

As the art of resolving this disadvantage, a "balance 
circuit system" is known. Fig. 6 is a circuit diagram, showing 
a circuit which embodies a "balance circuit system" . The 
circuit shown in Fig. 6 is made up of n (which is a positive 
number) electric double-layer capacitors ClOl to ClOn which 
are connected in series, and n balance resistors RlOl to 
RlOn. The balance resistors RlOl to RlOn each have an equivalent 
resistance and are connected in parallel to the electric 
double-layer capacitors ClOl to ClOn. Thereby, a bias voltage 
applied to each electric double-layer capacitor ClOl to ClOn 
is equal, thus helping charge each electric double-layer 
capacitor in a well-balanced state. 

Furthermore, in another circuit (refer to Japanese 
Utility Model Laid-Open No. 5-23527 specification) which 
realizes a "balance circuit system", a balance resistor is 
electrically separated from an electric double-layer 
capacitor at a non-charge time. When the voltage between 
both ends of this capacitor becomes a predetermined value 
or above, the capacitor is connected in parallel to the balance 
resistor. This prevents an electric discharge at a non-charge 
time, thus helping store electrical energy for a long time. 
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Moreover^ still another circuit (refer to Japanese 
Patent Laid-Open No. 6-343225 specification) which embodies 
a "balance circuit system" includes a comparison circuit 
which compares the voltage between both ends of an electric 
double-layer capacitor and a charging reference voltage, 
and a by-pass circuit which receives an output from the 
comparison circuit and by-passes a charging current for the 
electric double-layer capacitor. The height of the charging 
reference voltage is changed suitably for various uses, so 
that the bias voltage of the electric double-layer capacitor 
can be regulated. 

Disclosure of the Invention 

However, any of the inventions described in the circuit 
shown in Fig. 6, Japanese Utility Model Laid-Open No. 5-23527 
specification and Japanese Patent Laid-Open No. 6-343225 
specification has the following disadvantages. A single 
balance resistor is connected in parallel to an electric 
double- layer capacitor. Therefore, the dispersion of the 
resistance of such a balance resistor makes it impossible 
to charge electric double-layer capacitors uniformly. 

Furthermore , if a balance resistor is broken and opened , 
the bias voltage given to an electric double-layer capacitor 
rises largely. Thus, the bias voltage applied to each electric 
double-layer capacitor is thrown out of balance. This presents 
a disadvantage in that each electric double-layer capacitor 
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cannot be charged in balance. Moreover, another disadvantage 
also arises In that the bias voltage may exceed the rated 
voltage of an electric double-layer capacitor, thereby 
destroying the electric double-layer capacitor. 

It is an object of the present invention to provide 
a capacitor device which is capable of charging electric 
double-layer capacitors in balance and preventing the electric 
double- layer capacitors from being damaged. 

A capacitor device according to the present invention, 
characterized by including: a plurality of electric 
double-layer capacitors which are connected in series; and 
a balance resistor portion in which m (which is an integer 
of two or above) resistors having an equivalent resistance 
are connected in parallel, the balance resistor portion being 
connected in parallel to each electric double- layer capacitor . 

According to this configuration, to each of several 
electric double-layer capacitors connected in series, a 
balance resistor portion in which m (which is an integer 
of two or above) resistors having an equivalent resistance 
are connected in parallel is connected in parallel . Therefore , 
the resistance of the balance resistor portion can be restrained 
from varying widely. This helps charge each electric 
double-layer capacitor uniformly. Further, even if a part 
of the resistors which form the balance resistor portion 
is broken to turn into an open state, then because there 
are the other resistors connected in parallel , the bias voltage 
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given to the electric double-layer capacitor is kept from 
being higher. This helps prevent the electric double -layer 
capacitor from being destroyed. Consequently, the capacitor 
device becomes more reliable, thus preventing the whole of 
an apparatus to which the capacitor device is connected from 
malfunctioning. Still further , even if any resistor is damaged, 
the bias voltage applied to each electric double-layer 
capacitor is kept in balance. This allows the capacitor device 
to function normally. 

In addition, preferably, the resistance of the balance 
resistor portion should be equal to, or less than, one-fourth 
the resistance of each resistor which forms the balance resistor 
portion . 

According to this configuration, the resistance of 
the balance resistor portion is equal to, or less than, 
one-fourth the resistance of each resistor which makes up 
the balance resistor portion. In other words, the number 
of the resistors which make up the balance resistor portion 
is four or above. Therefore, even if any one of the resistors 
which make up the balance resistor portion is broken and 
opened, the resistance of the balance resistor portion can 
be restrained from going up beyond 25 percent . This contributes 
toward keeping the rise in the bias voltage at 25 percent 
or under. Hence, if the value of the bias voltage is set 
at 25 percent or less of the rated voltage of the electric 
double-layer capacitor, the value of the bias voltage is 
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more unlikely to exceed the rated voltage , though any resistors 
are damaged and opened. This helps lengthen the life span 
of the electric double- layer capacitor. 

Furthermore, it is preferable that the resistance of 
the balance resistor portion be equal to, or more than, 
one-sixth, and the resistance of each resistor which forms 
the balance resistor portion. 

According to this configuration, the resistance of 
the balance resistor portion is equal to, or more than, 
one-sixth the resistance of the individual resistor. In other 
words, the number of the resistors of the balance resistor 
portion is six or below. Therefore, a restraint can be placed 
on the rise in the bias voltage which may be caused by a 
broken resistor. At the same time, the power loss which is 
caused by the increase in the number of resistors can be 
reduced. Thereby, the electric charge stored in the electric 
double- layer capacitor can be restrained from being 
discharged . 

Moreover, preferably, the resistance of the balance 
resistor portion should be equal to, or more than, one-sixth 
the resistance of each resistor and should be equal to, or 
less than, one-fourth this resistance. 

According to this configuration, the lifetime of the 
electric double-layer capacitor can be extremely lengthened. 
Simultaneously, the electric charge stored in the electric 
double- layer capacitor can be restrained from being 
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discharged. 

In addition, it is preferable that the resistance of 
the balance resistor portion be 100 Q or above and 500 Q or 
below. 

According to this configuration, at the time of a charge 
and a discharge, a loss can be reduced in the electric 
double- layer capacitor . 

Furthermore, preferably, the number of electric 
double-layer capacitors connected in series should be set 
so that a bias voltage given to each electric double-layer 
capacitor is lower than the rated voltage of the electric 
double-layer capacitor . 

According to this configuration, the bias voltage 
applied to each electric double-layer capacitor is lower 
than the rated voltage. This helps prevent the electric 
double- layer capacitor from being destroyed. 

Moreover, it is preferable that one or a plurality 
of electric double-layer capacitors be further connected 
in parallel to the balance resistor portion . 

According to this configuration , one or several electric 
double-layer capacitors are further connected to the balance 
resistor portion. In other words, the electric double-layer 
capacitors are connected in a matrix form, such that the 
electric double-layer capacitors connected in parallel are 
connected in series . This makes it possible to offer a capacitor 
device which has a superior durability and a great capacitance . 
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A wiring pattern according to the present invention 
in which a plurality of electric double-layer capacitors 
are connected in parallel, characterized in that: the wiring 
pattern includes three or more wiring patterns disposed at 
a predetermined interval ; a plurality of electric double - layer 
capacitors are connected in parallel between adjacent wiring 
patterns; and between two adjacent electric double-layer 
capacitors which are connected between the wiring patterns, 
a plurality of resistors having an equivalent resistance 
are connected in parallel to the electric double-layer 
capacitors . 

According to this configuration, three or more wiring 
patterns are disposed so that their longitudinal directions 
are parallel. Between adjacent wiring patterns, several 
electric double-layer capacitors are connected in parallel. 
Between two adjacent electric double-layer capacitors, 
several resistors are connected in parallel with the electric 
double-layer capacitors. Therefore, the full length of the 
wiring pattern can be shortened. This helps reduce the 
resistance of wiring, thus enhancing the charge and discharge 
efficiency of the electric double-layer capacitor. 

Besides, between several wiring patterns disposed in 
parallel , several resistors and several electric double-layer 
capacitors are electrically connected. Therefore, even when 
resistors are broken, the bias voltage given to the electric 
double-layer capacitor can be kept from being higher, because 
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there are the other resistors connected in parallel. This 
helps prevent the electric double-layer capacitor from being 
damaged. 

In addition, preferably, the resistors should be 
connected from one wiring surface of the wiring pattern, 
and the electric double-layer capacitors should be connected 
from the other wiring surface of the wiring pattern. 

According to this configuration, the electric 
double- layer capacitors are connected to one wiring surface 
of the wiring pattern, and the resistors are connected to 
the other wiring surface of the wiring pattern. Therefore, 
the overall length of the wiring pattern becomes shorter 
than in the case where both elements of the electric 
double-layer capacitors and the resistors are connected only 
from the side of one wiring surface of the wiring pattern. 
This helps lessen the resistance of wiring, thus enhancing 
the charging and discharging efficiency of the electric 
double- layer capacitor . 

Brief Description of the Drawings 

Fig. 1 is a circuit diagram of a capacitor device 
according to a first embodiment of the present invention. 

Fig. 2 is a circuit diagram of a capacitor device in 
which the number of resistors which make up a balance resistor 
portion is three. 

Fig. 3 is a circuit diagram of a capacitor device in 
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which the number of resistors which make up a balance resistor 
portion is seven, compared with the capacitor device of Fig. 
2. 

Fig. 4 is a circuit diagram of a capacitor device 
according to a second embodiment of the present invention. 

Fig. 5 is an illustration of the structure of the 
capacitor device shown in Fig. 4, showing the case where 
the number of cell groups CLl to CLn is seven. 

Fig. 6 is a circuit diagram of a capacitor device 
according to a prior art. 

Best Mode for Implementing the Invention 

Hereinafter, embodiments of the present invention will 
be described with reference to the attached drawings. 

(First Embodiment ) 

Fig. 1 is a circuit diagram of a capacitor device 
according to a first embodiment of the present invention. 
As shown in Fig. 1, this capacitor device includes n (which 
is an integer of two or above) electric double-layer capacitors 
CI to Cn , and n balance resistor portions Rl to Rn . Hereinafter , 
the "electric double-layer capacitor" is referred to simply 
as the "capacitor". The capacitors CI to Cn are connected 
in series . The balance resistor portions Rl to Rn are connected 
in parallel to the capacitors CI to Cn, respectively. 

The balance resistor portions Rl to Rn each have the 
same configuration , and thus, only the balance resistor portion 
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Rl will be described. The balance resistor portion Rl is 
provided with five resistors Rll to R15 connected in parallel . 
The resistors Rll to R15 each have an equivalent resistance. 
As the resistors Rll to R15, a chip type or a lead-wire type 
can be used. However, the present invention is not limited 
especially to this. 

The capacitors CI to Cn each have the same configuration , 
and thus , only the capacitor CI will be described. The capacitor 
CI is formed in the following way. A drawn-out lead wire 
is attached to an aluminum foil which is etched at a thickness 
of 20 to 50 Atm. This foil's upper surface is coated with 
a paste which is made of a mixed powder obtained by mixing 
an active -carbon powder with a bonding agent and a conductive 
agent which are desirable. Thereby, a conductive layer is 
formed. On this conductive layer, active-carbon layer 
polarization electrodes are formed which include an active 
carbon as the principal component. Thus, a pair of electric 
double- layer electrodes is formed. These electric 
double-layer electrodes are placed to face each other via 
a separator. Then, they are wound around so that a capacitor 
element is formed. Sequentially, this capacitor element is 
impregnated with an electrolyte solution. Then, it is inserted 
in an aluminum case and its opening part is sealed. 

The withstand voltage of the electric double-layer 
capacitor is determined according to what kind of electrolyte 
solution it is. Besides, this withstand voltage determines 
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the rated voltage of the electric double-layer capacitor. 
Ordinarily^ the rated voltage of one electric double-layer 
capacitor is within a range of 2 to 3 V. 

Between the capacitors CI to Cn shown in Fig. 1, a 
DC voltage V is applied to charge each capacitor. To each 
capacitor CI to Cn, the balance resistor portions Rl to Rn 
which have an equivalent resistance are connected in parallel, 
respectively. Hence, the bias voltage (V/n) is given which 
is obtained by dividing the DC voltage V by the number of 
capacitors • 

Herein, as the capacitor Ci which has a rated voltage 
of 2 . 6 V and a capacitance of 100 F , six capacitors are connected 
in series. The resistance of resistors Ril to Ri5 is 100 
Q. To both ends of the capacitors CI to C6 , a DC voltage 
of 12 V is applied so that the capacitors CI to C6 can be 
charged. In this case, because the resistance of resistors 
Ril to Ri5 is 100 Q , the resistance of the balance resistor 
portion Ri is 20 Q which is obtained by dividing 100 by 5. 

In this case, the bias voltage of each capacitor CI 
to C6 is 2.0 V which is obtained by dividing 12 V by 6. This 
value is lower than the rated voltage 2 . 6 V of the capacitors 
CI to C6 . Thus, the capacitors CI to C6 can be prevented 
from being damaged. Therefore, preferably, the number n of 
capacitors which are connected in series should be n>V/VT, 
if the DC voltage given to both ends of the capacitors connected 
in series is V and the rated voltage of each capacitor is 
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VT. 

Next , this capacitor device will be compared with a 
conventional capacitor device, in terms of a change in the 
bias voltage when a balance resistor is damaged. In a 
conventional capacitor device including a single balance 
resistor, if the resistor is broken and opened, the bias 
voltage given to a capacitor rises largely. This is because 
no resistors connected in parallel are provided, different 
from the capacitor device according to this embodiment. 
Therefore, capacitors connected in series cannot be charged 
in balance. Besides, the bias voltage may exceed the rated 
voltage of the capacitor, thus destroying the capacitor. 

On the other hand, in the capacitor device according 
to this embodiment, even if the resistor Rll of the balance 
resistor portion Rl is broken and turns into an open state, 
the four resistors R12 to R15 still remain. Therefore, after 
the resistor Rll is broken, the resistance of the balance 
resistor portion Rl is kept down to 25Q/20Q=1.25 times as 
great as its resistance before the resistor Rll is broken. 
Hence, the bias voltage of the capacitor CI becomes 2.0VX 
1.25=2.5V, without exceeding the rated voltage 2 . 6 V of the 
capacitor CI. This helps prevent the capacitor CI from being 
damaged . 

Next, description will be given about, preferably, 
how many resistors should make up the balance resistor portion 
Ri. Fig. 2 is a circuit diagram of a capacitor device in 
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which the number of resistors which make up the balance resistor 
portion Rl is three. The resistance of resistors Ril to Ri3 
is r. The rated voltage of capacitors CI to C6 is 2.6 V. 
To both ends of the capacitors CI to C6 ^ a voltage of 12 
V is applied. 

In the capacitor device shown in Fig. 2, let's assume 
that a resistor Rll is damaged. In this case, a balance resistor 
portion Rl turns into a circuit in which two resistors R12, 
R13 are connected in parallel. Thereby, its resistance becomes 
r/2. On the other hand, before the resistor Rll is damaged, 
the resistance of the balance resistor portion Rl is r/3. 
Therefore, after the resistor Rll is damaged, the resistance 
of the balance resistor portion Rl becomes ( r/2 ) / ( r/3 ) =1 . 5 
times as great as that before it is damaged, 50 percent up. 
This also causes the bias voltage to rise by 50 percent. 
Consequently, the bias-voltage value of the capacitor CI 
becomes 2 . 0 X l . 5 = 3 . OV, and thus, exceeds the rated voltage 
2.6 V of the capacitor CI. 

Fig. 3 is a circuit diagram of a capacitor device in 
which the number of resistors which make up a balance resistor 
portion Ri is seven, compared with the capacitor device of 
Fig. 2. In the capacitor device shown in Fig. 3 , if a resistor 
Rll is broken, the resistance of a balance resistor portion 
Rl turns into r/6. Hence, it becomes { r/ 6 ) / ( r/ 7 ) =7/ 6 times 
as great as that before it is broken, and thus, the increase 
in the bias voltage is less than that of the capacitor device 
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shown in Fig. 2. From the point of view of restraining a 
broken resistor from going up the bias voltage , it is preferable 
that the number of resistors which make up the balance resistor 
portion Ri be increased. 

However, such an increase in the number of resistors 
makes their power loss heavier. As a result, an electric 
charge may be discharged immediately after the charge has 
been given. Hence, preferably, the number of resistors which 
make up the balance resistor portion Ri should be four to 
six. It is more desirable that it be five. In other words, 
it is preferable that the resistance of the balance resistor 
portion Ri be equal to, or more than, one-sixth the resistance 
of each resistor which makes up the balance resistor portion 
Ri and be equal to, or less than, one-fourth this resistance. 
It should be one-fifth, more desirably. 

As described so far, in the capacitor device according 
to the first embodiment, the balance resistor portions RI 
to Rn are each formed by the plurality of resistors Ril to 
Ri5 connected in parallel. Therefore, the resistance of each 
balance resistor portion RI to Rn can be kept from dispersing, 
thus helping charge the capacitors CI to Cn uniformly. 

In addition, the balance resistor portion Ri is formed 
by the plurality of resistors connected in parallel . Therefore , 
even if any resistors are damaged and opened, then because 
there are the remaining resistors connected in parallel, 
the bias voltage can be restrained from being higher. This 
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helps not only charge each capacitor CI to Cn in balance, 
but also prevent the capacitors from being destroyed. 

Incidentally, in view of a reduction in the loss at 
the time of a charge and a discharge in the capacitors CI 
to Cn, preferably, the resistance of the balance resistor 
portion should be within a range of 10 to 500 Q . 

( Second Embodiment ) 

Fig. 4 is a circuit diagram of a capacitor device 
according to a second embodiment of the present invention. 
In the capacitor device according to the second embodiment, 
capacitors are connected in parallel, as contrasted with 
the capacitor device according to the first embodiment. 
Specifically, the capacitor device shown in Fig. 4 includes 
n cell groups CLl to CLn connected in series, and n balance 
resistor portions Rl to Rn connected in parallel to each 
cell group CLl to CLn. To the i-th (i=l, 2, 3, n) cell 
group CLi , four capacitors Cil to Ci4 are connected in parallel . 
The balance resistor portions Rl to Rn has the same 
configuration as those of the capacitor device according 
to the first embodiment shown in Fig . 1 . Thus , their description 
is omitted. 

In this way, even if the capacitors are connected in 
parallel so that the capacitor device ' s capacitance increases , 
the resistance of each balance resistor portion Rl to Rn 
can be restrained from dispersing. This is because the balance 
resistor portions Rl to Rn are connected in parallel to the 
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cell groups CLl to CLn. Consequently^ the capacitors Cil 
to Ci4 can be uniformly charged. 

Furthermore, even if any of resistors Ril to Ri5 which 
make up the balance resistor portion Ri is damaged and opened, 
then because the remaining resistors connected in parallel 
are provided, the bias voltage to the cell group CLi can 
be restrained from being higher. This helps give the bias 
voltage in balance to each cell group CLl to CLn , thus preventing 
the capacitors Cll to Cn5 from being damaged. 

Moreover, four electric double- layer capacitors are 
connected in parallel , so that the capacitance can be heightened . 
Hence, this capacitor device can be used, for example, as 
each control power source or auxiliary power source for an 
electric automobile or the like which requires a large 
capacitance and a great quantity of current. Incidentally, 
in Fig. 4, the number of capacitors which make up the cell 
group CLi is four. However, it is not limited to this, and 
thus, two, three, five or more may also be provided. 

Next, the structure of the capacitor device will be 
described. Fig. 5 is an illustration of the structure of 
the capacitor device shown in Fig. 4, showing the case where 
the number of the cell groups CLl to CLn is seven. As shown 
in Fig. 5, this capacitor device includes a circuit board 
10 on which eight wiring patterns 1 to 8 are printed, 
twenty-eight capacitors Cll to C74 which are disposed in 
a matrix form of four lines and seven rows, and thirty-five 
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resistors Rll to R75. 

The Next, the wiring patterns 1 to 8 are formed by 
a conductor made of copper, silver or the like. They have 
a long and narrow shape and are formed at fixed intervals 
on the circuit board 10 so that their longitudinal directions 
are parallel. Herein, the distance between each wiring pattern 

I to 8 is approximately equal to the pitch at which the capacitors 
Cll to C74 are disposed. 

In each wiring pattern 1 and 8, four convex portions 

II to 14 are formed at regular intervals along the longitudinal 
directions. Besides, in each wiring pattern 2 to 7, four 
convex portions 11 to 14 are formed at regular intervals 
along one side in the longitudinal directions. Along the 
other side in the longitudinal directions , four convex portions 
11 to 14 are formed at regular intervals. Herein, the interval 
of each convex portion 11 to 14 is substantially equal to 
the disposition pitch of each capacitor Cll to C74 . In each 
convex portion 11 to 14, a through hole is formed into which 
the lead wire of each capacitor is inserted. A conductor 
is formed on the inner wall of the through hole. 

Between the convex portions 11 and 12, a T-shaped 
terminal 20 for connecting five resistors is formed so as 
to protrude in the directions perpendicular to the longitudinal 
directions of the wiring patterns 1 to 8 . In the wiring patterns 
1 to 8, the convex portions 11 to 14 and the terminals 20 
are formed so as to face each other. 
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Between the terminal 20 of the wiring pattern 1 and 
12 and the terminal 20 of the wiring pattern 2, five resistors 
Rll to R15 are connected. In the same way, between the other 
adjacent wiring patterns, five resistors are also connected 
via the terminal 20. Thereby, the resistors Rll to R15 are 
connected In parallel. Similarly, the other resistors are 
also connected In parallel. 

Between the wiring patterns 1 and 2, the capacitors 
Cll to C14 are connected from the opposite surface (or back 
surface) to the surface of the circuit board 10 onto which 
the resistors are connected. Between the wiring patterns 
2 and 3, the capacitors C21 to C24 are connected; ; and 
between the wiring patterns 7 and 8, the capacitors C71 to 
C74 are connected. Specifically, In the capacitor CI j (herein, 
1 Is an Integer of one to seven, and Is an Integer of one 
to four), one lead wire Is Inserted Into the through hole 
of the convex portion 11 of the j-th wiring pattern j^. Then, 
they are soldered together. The other lead wire Is Inserted 
Into the through hole of the convex portion 11 of the wiring 
pattern J+1. Then, they are soldered up. 

Thereby, the capacitors Cll to C14 are connected In 
parallel. The other capacitors are connected In parallel 
as well. 

As described above, the wiring patterns 1 to 8 are 
disposed In parallel so that their longitudinal directions 
are parallel. Then, several capacitors are connected In 
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parallel between adjacent wiring patterns. Between two 
capacitors connected in parallel, the terminal 20 is formed. 
Then, five resistors are connected to this terminal 20 . Between 
adjacent wiring patterns, four capacitors are connected from 
the back surface. Therefore, the full length of a wiring 
pattern can be shortened . This helps lower the wiring resistance , 
enhance the charge efficiency of the capacitors Cll to C74, 
and make the circuit board 10 smaller. 

Incidentally, in Fig. 5, the terminal 20 is formed 
between the convex portions 11 and 12. However, its formation 
is not limited to this, and thus, it may also be formed between 
other convex portions. In addition, the wiring patterns 1 
to 8 are printed on the circuit board 10 , but their configuration 
is not limited to this. A flat -plate member formed by a 
conductive member may also be used. 

Industrial Applicability 

According to the present invention, a capacitor device 
can be provided which is capable of charging each electric 
double-layer capacitor in balance and preventing the electric 
double- layer capacitors from being damaged. 
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